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PROBLEM TO BE SOLVED: To provide a semiconductor 
device which is able to define the interval between a 
recess end on the source electrode side and a gate 
electrode, in a self-aligned manner, reduce a source 
resistance value and its fluctuations, and improve drain 
breakdown voltage, and its manufacturing method. 
SOLUTION: A plurality of layers 22-24 containing an 
active layer 22 and a cap layer 24 of a semiconductor 
element are laminated on a semiconductor substrate 21. 
A drain electrode 32, a source electrode 31 and a recess si-.- 
25 are formed in this laminated part. A gate electrode 26 
is formed in the recess 25. A part of the cap layer 24 
existing between a gate recess part of the recess 25 
and the drain electrode 32 is removed. 
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(54) mmo^m *3w*ss«&r^*<o»a*ft 



(57) 

[MB] y— -fe MUS^R. 1 ] 
122 s/ -?M 2 4 trifil&<Z)Jf 2 2-2 4^ 





\?i"<>mM, y— xWKATfii) ±*&mj&£ti, mv 

[1**113] ¥W*K«±U:* 

KK^m V— xWMRXJW -fe^^JBrtSix, ^ey 

r^^rt y^isr^triiswitaitsisi, tea* 

Si:, f£y -ir*i*!{cy— bW&irJ&l&rt'ZX&k* huIE 

*fl#<£> y- h «S *r»J3ci" 5 teStc y ir * 6 X 

ai, tty ir^p^tcy- hSfeMt^Ig^ iiulE 

«* i: i"5 XS i: Sr#tr C t «:»» t r « **#36«^ 
[0 0 0 1 ] 

a>Mtt#fe«cBBU »tc, y-^fiM<^oKK 

58ffSSl*h7y^^ (FET : Field Effect Trans 

istor) zm^tz^mimmRvzommjjmzm-rz 
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[0 0 0 2] 

KW^iBEEtt, F E Toy- MCfl^¥«»£i| 
[0 0 0 3] Hi 1(1, fSjfecotf-^-fcs' hy— h«igSr 

wi-*-^ *m&mmMt>m fet sr^i-wsig-cfe 

GaAsSSUC i-GaAsft^i2, 
n — A 1 G a A s flrHfc*&Ji3, n -GaAs^-V;/ 
^■4*s«ftaJiS^-C*ilH*:»E5i:Stt, n*-G 
20 a A s ^-r ^14©^ h 

yi?^^6tCT i/P t/AuW3ii®^P,^63i- 

[0004] I Oi^Hi^ffl FET OSil^^O 

^TH 1 2fc£<5#BWH-* 0 ^"f, Hi 2 (a) tC^ 
i"«t 2 G a A s 1 Jit-, i -G a A s 
§2, n — A 1 G a A s S-fftlol 3 , n * — G a A s 

30 n + -Ga As^t77 P l4±l^7^ hi 

i^^*L, *^«5t^T^^^— =y^u, HUn 12 

WL, BC 1 3 t S F^^^5^7y^^rffll^cil 
K"7>f 3i y^l/tf 1 3tCTn + -Ga A s ^r-t y ^/f 

[00 0 5] B12 (b) 9f-, -7* 

^ir^hfflPl5Sr«t5, Hi 2 (c) 

40 m^-^> (E^fx) mm^m^^x, t\ 

/P t XAuCOSgtgigO^Jgll 1 6 Ti*30n 
m, Pt^rSOnm, Au^2 5 0 nm^filW 
HHP l 5 A^RI l 6 ro*S:«t 

JZ9*-s 7^-M^^hl4«i7°7XVMl^i 
ffi^Ciot^L, Hi 2 (d) ££o 

^jrbi hy- hii7 t-rz 0 

[0 0 0 6] 

50 [z^ y— h v-txnft6&j&j&'tz>tzib<D7* b i/^ 



3 

bll<Ds<? — 1st, *7^Z y Vf— hlli7^ffMt 

abi,c y mi 3\Z7jk-t&o\c s y— *««M0>y-fe;*iB6 

a <t^- h«ffi7 irtorafflL s SrO. 2/im|li£j^T£ 

■C/hS<i"Swi:ttHllt?*>5o tot, y-^iit 
y- htli7 ir(7)^[c^^-r^y-x^R s £(g:*i- 

[ooo7]it y-^«ffi{R"jwy-fe^a»6 a 
hli7iro|BiBLsro»ittt, yy^77>f-cofit 

[0 0 0 8] *36Wtt. ±ia^»«ic**Tfc£*Lfct> 

[0 0 0 9] 

[ooio] »*Ji2i5«g^¥»*3SBtt, ¥m&mm 
«^a«*tt, RaMffi^d kk>w, y-^ti 

[ooii] »#«3R<B*>¥«*3S«fi* *MMM£« 

atfy-fe^36s»rt*ix, By t^^icy- hma^^A 

£*U mjisyir^coy- h y-fe^«»4:«rtEKW 

[0 0 12] mIfS¥««s:^Bfi, itufE^- 
3ftStt*SttfcT*S!i:.LTt«t<, ftuiE^- h y 
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[0 0 13] W*JS5|E«©*3f»3S«o«at*»ii, 

«Sr»*t"SffiBJ-y-fe^*»fiKi-SXSi:, !£yi?* 
1*9 1^- hmffi^dci-SXSi, rnlisy ir^co^- h 

[0014] ff^ri 6 iE«o*3|J[(MSBoKJft*ifei4 % 

««r»fiK-rSffifi^y-fe^S:J»fiKi-Sxai:, Ry-tr* 
^cy-hlg^MtSIii, HulEyirxoy- h 
y ir*g|5#£iifJ!E KM ^«ffi£^Pfllcfc5iifflE=*ir :y 

[0 0 15] mj|Eyir^^^i-^X^(i, !iulE££I*jJi 

ttBPSrffiv^xaB»-&ttJcy-fe^*»ricL, mv-t* 

f*3(cy- hm«S:»fiK"rsxSi: ttU^o 
[0 0 16] Huffi^ 

[0017] Hfria^r-y j/^JB<0/Kc< tt>— ^ 
30 Stt, fiiE** vzfm<D'Pte< t ^-^f:xtlt>fty 

[0018] *36W0>BI*I 1 !E«W¥«f*3£S-Cfi, 
tulEy t^oy- h y ir^^^irsufE KM 
PflMfc SUSIES ry^Jfo— «Srl»*LfcC4:{cJ: 9 , 

[0 0 19] »*3S3fE<fi^¥W*3SBT*fi, fufsy-fe 
JfftfE* ^ ^H(0'>4 < ^ t — SRSrR^r ^ ^ <b 

^> 5 ^ */^jb J* - <o mm/at & titcmm&ft t xm <o 

50 [0020] J^Lhk: J: 0 , *»W^¥W*SS«"ett, K 
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w ^mj±zm±£i±f^m&, testes eSE^ay-t^ 

Six* Ku-f >»EE*S|fi|±rs 0 

[0 0 2 1 ] **Wo*«H*««<Z>jRJt*ife-t?tt, mj|E 
y-fe*<z>y- h y-fc*tt#**H£Ku-f ^««t^(B«c 
«*^-t-6xaw^"rtt^Sr*tfwi:fcJ:l9. y- h y 
< ft 3. 

^rwtfbo^fc'h;* < ft5 Q SWE^iry^B 
[0 0 2 3] 

[0024] [mi (Dmrnwrni *mm<nm i <nmmm 

i(/)l»lll>7>^^ (FET:*»#lSt) 

G a A s Sg2 1 ±{-, JSSri* 1 5 nm(D i - I n ,. 15 

X 1 0 ts c m-3t*i$^3 0 nmOn-A 1 0 . s 
Ga„. 8 AsiH^51Wl2 3, SSKf-S 
5 X 1 0 1 a c m-3 X+f^£& 6 0 n mOn * -G a A 
s Jf 7>fbft5{£«^(7)fc#<7)n + ^r-V -^§2 4 
j*£ixT^3 0 

[0 0 2 5] ~CQn* ^"^12 4 iCtt, i81K#Jfc:|& 

h V±xm*&2 SPU^f— hS^O. 2 5MmCOW 
Si/Ti/P t/AuH^5TSy- hm^2 6^ 

ttT^So r^Tiy-MH2 6^lT^ 

AuGe/N i/Au^b^5V-^Si3 l^gSS 
^WtC^fifcSttSiri: AuGe/Ni/AuA^ 
ft 5 KM >ti3 2#;*7 t :y'*— 

[0 0 2 6] :(?)Tiy-hiffi2 6H'Wy®i3 

2H)F B lC(t fS]t-^y^ti2 6, 3 2CTltn 
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T^y- Mi2 6 ^y— h y ir^^2 5 twiajtctt 

WBt»T*)5S i0 3 Jfi3 4«^ TS! 
y- ht^2 6 0>JiffiiCfi^-— ^ :y*&JWK3 5&Mf& 
tStl. SbfC IWFETiSCfj:, I^^lOOnm 
<D S i Nt S i 0 = £a>b#5«SJK3 6*SJBfifcS*LT 

[0 0 2 7 ] H|2f*, ^MMiM1i&<D F E T (12 1 3 A) cb 
h y-fe^«it*:*-rSFET (dl^B) ^tu 

■Cli, ^rtt^coy— htl£r2 0/imt U h®H 
-y-^SiF^lEV.^O. 2 v<7)WHSr-^t;$-ti: 

[0 0 2 8] ^njfi^ffi^FETtctttf^ y— 

3 l{|IJ(7)yt^2 4aty- h«S2 6 fceOWML s 

r**5 0 his, ni:y- hs^cL$^fi^o*n 

^^yx ( gm ) f*2 0%g£r6]±U gmtf>tft>o 
# (agm) tftl 5%fiTi-S^V^5»**»fc 0 

[0029] [» 2 <Dmnj&m] *mw<nm 2 ^ jtss» 

iWt»IF7>y^^ (FET » 

»iS*»icov^Tia3at/ia4*j:*<3#Kwi-5o * 

30 i\ B3 (a) iZfjkirXo^, «ittGaAsS!2 
1 ±{C, J¥$*S9 nmCO i — I n 0 . 25 Gao.T 6 As Jf /j> 
f)^§ft^i4 1 , K"*-— «6flW s 2 x 1 0 13 c 

m. 3 T*J¥£# S 3 5 n m<Dn — A 1 0 . ss G a 0 . 7B A s §|7^ 
&45tf«»B4 2, f^Kt-MS 5 xiO' 8 c 
m-3 "OffSdS 6 SnmWn'-GaAs if 7J>^ ft 6{g;}g; 
Wb<7)^(7)n^t^7 P l4 3l:Mt5o 
[0 0 3 0] #CV^T\ (RCVD»lCt*!l3 0 0 nm(OS 
iO ! ([4 4«U *^M^T7t^v J 
^F4 5^-y^y^L, CF 4 7y^^rffi^fc K7 

40 ^x y fy^46ICj:^0. 3 mCO^— h|S P 4 7 £ 

13 (b) (c^-TJ:9 
BCl 3 ^SFa«^^t^AlGaAs/ 
G a A s GDilJR K7>f xyf-y^5 1 ^lll, Ifil 
^WlC>7*- h y-fe>^«*5 2**J«i--6o wC^NF, -7 s - 
h y -fe ^ S fi^i 3/ ^ >- ^ Wfl ^*J»i" 6 c <h J: o T 

[0 0 3 1 ] ^^T\ 13 (c) (Cttt-TJ: g«£ 
ICWSi/Ti/Pt/Au (ff$fi ; etb^ f n4 0 n 
50 m/2 5nm/3 5nm/3 0 0nm) ri><b ft <5#Bfl£ 
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tfflv^t7;^y (Ar) ic J: s-f ^ > 5 V ^^ZMM 
[0 0 3 2] &i^T\ (213 (d) (c^-rj;9i-, Ml 

S&5 4(7)T^(7)S iO : !44a Mlt^WW 
5>^S iO:«44b^CF 4 5tfX|:j;5K7>fxyfy 
^4 6 lCT|&5fe-T5 0 EJ4 (e) 5 

GO PhI h h 6 2 tCT?BV\ E;tf J: <9 

AuGe/Ni/Au (J? £ tt*r*l«X 1 0 0 n m/ 3 
5nm/5 0nm) ft3 5 y ^ &JK 6 3 £±£8f 

[0 0 3 3] #C^T\ 7^- h l/^ h 6 2^f«j^t: 

u $ f)CiiM^^cT4 5 o 0 ccot n-r^-r^r 
K*y-^lg6 4 i K W >i;i6 5^rMt5 0 r. 
coe#, y-*«fli6 4iiTiy- Mi5 4CTLtg 

[0034] #^>-t% 114 (f) {CTjk-rxo^, y— * 
m^e 4 1 TSiy— hm^s 4±o— tB^:?* h u-^* 

h6 6l:t-7^^L, BC 1 , £ S F 6 
tA 1 G a A s/G a A s GOiltR K7>T 31 J/^^^C 

•yyf4 3W-ffli4 3 a<0^»5fet5o ftf£f£> -CO 
SI4M9J:3(:SiN/Si0 2 (ffSfMrtb*!' 
Il35nm/65nm) ^ <b K «t 9 ftSR 6 

[0 0 3 5] *j8*S»ttOFETW§8jft*-ffi*Cj:tbtf, 
y- h y-ir^S*5 2 tTffly- h«tt5 4^rlBi-& 

^ y^tS«©yt^«5 2 a <7)Sgg|L s ^;Tl< 

5 4 <fc KW >ti6 5»^f y^i4 3 £ 
t-»4 3ami:»*tS:i^5o LTt^o 

P> K ^ >»I££>|b]±«:3I» Lfc FET ^Bi^tm 

[0 0 3 6] [JB 3 OTSem^ffi] *I^WS3W» 
«»tff»*S!h7y^^ (FET:*»#8fi) 

GaAsSS2lJ:l:, *TSb K**— 2 X 1 0 ' 8 c 



5 ) 1 - 1 7 6 8 3 9 

8 

m- a -Cff$365 3 5 nm^n-Ga A sfl^f)45ft* 
/Ui7 1 , K-^— **3&«2 X 1 0 18 c m. 3 tf^5 

1. 5 n mCDn — A l 0 . : Ga 0 . 8 Asi^b^Ht^ 
Wit^JfM-r^fc*!)^^^^^^ hy^B7 2, fa 

Kt-SS35 s 5 X 1 0 1 8 c m.,t*JI^ 5 6 0 n mCO n ' 
-G a A sS^bife5(Sefil{bWyi:«)^n ^ y 

2 4 3&S»fiRS*tTl^S 0 

[0 0 3 7] :Wn'^j//l2 4(Cte, igtRWt-Bfe 
riJc J: f9 hy-fe^«*2 5*s»fiRSix, BE 
10 h yir^®i^2 5(^(cy- hfi^O. 2 5/im(7)W 

S i N/T i /P t/Au^P)45TSy- Mi7 3 
ASHMEN- h y-fe^«*2 5(^LXSBl^(cM 

fi, AuGe/Ni/Au^f)^5V-^ii3 l^g 
Bi^(CffM^n6 £ i: t>(-, AuGe/Ni/Au 

[0 0 3 8] ^WTS^h«S7 3i: KKytS3 
2t<nmiCte^ n'^rt^7 P l2 4(7)-Sl^ TS^- 
20 h««7 3{C»LTaBBE*Wlc»* (O) SrffiAtittt 

«rii5«a:fbLfciBaa««7 4^/$£*ltv>5 0 * 

^ Ti^- Mi7 3Wl®|;fit-; ^MI3 
Onm^SiN^SiO, fc^e>ftS«BHK7 5 J^ffM 

[0 0 3 9] *ifif)ga)FETicJ:nn y— 

30 3 HW(£>y ir**2 4 a iTi^- Mi7 3 t 
t&XZZ> 0 

[0040] Lm4<vmmBmi *mw<nm4<DmmB 

l^Mlh^y^^ (FET:«*gI) co 
Kjfi*«fe^ov^-CH6Xt^ia7*cK<5#ttWi-5o * 
"f, i6 (a) (C^^J: *B8ttGaAsSfi2 
1 iiM, ^ K^"— *ft*S2 X 1 0 18 c m. 3 T'f^5 3 
5nmCOn-GaAs Hd^^S^^r^/UJl 7 1 , j=f$)) 
40 K-*— flSft^S 2 x 1 0 18 c m-.-CffSa* 1 - 5 nmOn 
-A l 0 . a Ga,.,AsIH49 U "fe ^*it 6 
/:fe(Dx 7 fy^h 7 xl7 2, t!SKt- ^S^4 
X 1 0 18 c m-3 r*j?:$/5^8 0 nmCOn * - G a A s ^7^^ 

ho 

[0 0 4 1 ] ^^X\ 1CVD^|CT^3 0 0 nmWS 
iO,i4 4«U *#«*ft*rfflV^"C7* b f*J 
^h4 5^^-y^y^l, CF^x^^K7 
^^c y ^V^46tCj:^0. 30/i m^Slwy- hM 
50 P8 2$:MtSo ^^T% 7tM-^h45«| 
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^yx^kmmmmzkvfe&Lti^ me u) ^ 

-Tct9(C x BC 1 3 t SF.Wfi^Srffl^fcA 1 Ga 
A s/G a A s (DillR K7-<^yf^5 1 &HJSU 

[0 0 4 2] 11 6 (c) K*H"J:5lC, p-C 

VD&fCT, 1^2 0 0 nm<7>S i ONlWU £ 
tec F* rfx&m\<*1z K7-fx^fy^46 Srffv\ ^ 
1 wy- h§|P82i h y ir^«*S5 2(7)P^9^(CS 
iON«^645«8 3**islcU HBHn 
8 2OBHD*I£0. 2 /i miC^I/h-rSo . 
[0 0 4 3] &^T\ H6 (d) tC^-TJ; 5fd, SS^ 
SICWS i/Ti/Au (f $(itixftt50nm/2 
5 n m/4 0 0 n m) ft 6 #/fJig 8 4 £r±£Sf U HI 

(Ar) y >^£iiJ6U Tiy-M 

-5y^ti«»y^*5 2aWE|Lstt, ^Bl 

r £ ft < fiMl^e < "T 6 r £ *s 5 0 
[0 0 4 4] &^T\ 17 (e) ICtt^T <fc 5 iC s ML 
fcTSiy— hti8 5 t It, HDTiy- H 

«%8 5(DTU<nS iO : l44a ^ItT^W 
#<73S iOJl44b^CF, jfXt<z£Z> K7-f^yf > 
^4 6tcri»5fei-So #:V N T\ HI 7 (f) tz^-tx? 
Tiy- Mi8 5±i K W yilMM^t 

A u G e /N i /A u (ff £ fi-t*X-€f*L 1 2 0 n m/4 
0nm/30nm) ft 5 ^ :y * 8 6 SritSf 

[0 0 4 5] #^T\ h h62 Sr*Blfti^{C 

U $ 4 5 0°C(O7 p >f r 

[0 0 4 6] &v>T\ 17 (g) t^-Tctitc, y— ^ 

m®8 7 i: Tiy- hSH8 5_hco— £f$£:7;*- h 
h6 6tcT^^U TSy-h»B8 5lC*fL"CaB 
S^WKSfclg (O) £{8;Anj£«EE :15k 
e V, : 1 x 1 0 13 c m- 2 ) T^t^Al, n 

'^7^18 1 WSriS«tn:{kL^:iS5«:BL««9 0 

I(7)M^MS3J:^:S iN 
/SiO, (S$ttWftt5 0nm/5 0nm) Sr*6 

[0 0 4 7] *Hlfi?Kli(7DFET^8iig*ffi(c:j:ix^ 
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ft Tffly-h«i85jiia»— $y 

^«*«<7>y-fe^*5 2 aCDg&liL s^TK t 6 
:tm5 0 Lfc/^oT, y— ^ffigtR s coft^o 

Lfc fet ^B^Mi-h r t *s-c* 6 D 

[oo48] [sg 5 (Dnmmmi 5 <Dmmm 

l|(Ot#a*Sh7y^^ (FET:*«*8t) fC 

G a A s Sffi 2 1 ±|C, ^ K-J"— 2 X 1 0 1 B c 
m. 3 t'I^^ 3 5nmWn-Ga Asl^b^Sft^ 
/^H 7 1 % WS» K-J— *K3ftS2 x 1 0 18 c m-, -C*3j&s 
1 . 5 n n-A 1 ..jGa,., AslH4D y 1?^ 

K"J-— SUM 5 5 X 1 0 18 c m- 3 X'JW-Zfr 6 0 n mCOn * 
-G a A s mfrbteZ1&1&tft1k<Otiti><nn + S> ~?M 

[0 0 4 9] :^n^t7/l24Clt iSflWUlRfc 

20 fr^S^tcJ: 9^- h y-fe*««2 5^7FM£*x> R 
h y-ir^^i^2 5F^^y— hfiflSO. 2 5 //m(7)W 
S i N/T i / P t/Au^P>45Tl^- hm^7 3 

Sti/ci^s. :©Tiy-hti7 3i:»u 

tt. AuGe/N i / Au^P)45V-^tft3 l^i 
BS^tt*C»j*£;h,3 £ t fctd* AuGe/Ni/Au 
^^ft6 KW>««3 2^^fy^W:<t5l^ 

[0 0 5 0] r<7)T^iy— h^7 3 Kl/-Y>mH3 
30 2*tW|BHCtt, n 4 ^f y7 P !2 4(7)-S[C, Tg!^— 

hIi7 3(:^lTSBi^(cii (o) fciSAnii® 

fy^l24i ^M^ifw p i o i 

p3>£3MtfH4U 0 1 6D_t(cd, Ti/Pt/ 
Au^^bft^)^4C0m^l 0 2tmf&£tlX\<^ 0 

[0051] *fc, :(7)Tsy-Mi7 3i:y-hy 

-fe*1WjE2 5 t«>IBtc:tt|ft|ftW»-C*>SS iO:!34 

40 Mfi, j?^7)^8 0 nm(7)S iN^S i O, <t^^ft^>{^ 

[0 0 5 2] *HifeJglSWFET(Cj;tL^ V — 
3 liRIJCOy ir^^2 5 a ^T^^- hlS7 3 tCOMPH 

ir^T'^^o ^fc. n f *+y^JB 2 4 CO— §Bt£ % I S n * 
y-fm 2 4 kRtt^mSKD pfgS*i«l 0 l^r 
ML, pSfi«#««l 0 1(D±|ct i / P t/Au 

^b^si4^iio2^MUc(7)^ mrninm 
so ftio2S:, Mil y— ^m^3 i tisieteKLfcti 
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coj; *9±#ft Ku^ ^mJ±<vfa±*m%i-fZ>^tfcX*$ 

[0053] ime ommm'] &mw<Dm e <nmm 

i\ 19 (a) {C^-TXO^, «ittGaAsl!2 
1 ilk:. J?£7^ 1 5 n mCO i-In 0 . 15 Ga 0 . 85 Asl 
^ftS^-T^/WI 111, K"7— £?^2 X 1 0 

,B cm. 3 TJf^S3 3 nmCOA 1 0 . , Ga 0 . 8 AslH 

Kzn^m&mi 1 2, t^Kt-Mux io«" c 

m- 3 Tif^T^ 60nmCOrT-GaAs Mfrh <C -5 

[0 0 5 4] #C^T\ iCVDS(!r/7XVCVD&(: 
t, 1^)2 5 0 nmCOS i0 2 /Si ON(7)#ii| (SiJ? 
(^Mtl5 0nm/2 0 0 nm) 114«U E 
B^ft^ffll^T 7^- H Uv?^ h 1 1 5 — ^=-1/ 

116M<fc9, 0. 15/im^hf|P117^M 

[0055] &^t\ h hi i szmmy? 
x^kGmmmc£*)i&zb:Ltc&* tH9 (to t^i-j; 

^xyff Ox 7 f ^ y h^i^fcA 1 G a A s 
/Ga A sCnmtRVx-y b^y^>V^2 0°C^T^{£ 
fUT-eHJ^L, n'^rty/il 1 3CO-^^L, 
h y irx^5 2 hPlPl 1 7(C*f LT§£ 

[0 0 5 6] &^T\ 19 (c) \C^-TX.0\C 1CV 
D?£^T#tl8 0 nmCOS i O ,I§l£Jf2/& L , ^ bt-CF, 

117^-h y-fe^«g«5 2<7>I*!SfUCS i O a BM>& 

2 1 tJgjSi-5 0 
[0 0 5 7] 119 (d) MtjH-J; 

ICWSi/Ti/Au (I$(itttftl3 5nm/2 
5nm/3 5 0 nm) *-5^JiJS 1 2 2 «r*6« L, 

> (Ar) (-j;6^^>^ y y^tcFjas K7>r 

^^V^UffiL, Tiy-hSSl2 3^«t 
£ Q ~CO0#, Tf^Mil2 3^^-v^li 
fiijcoy-trx^s 2 aC0£g$£L s tt, SSI^^6 
fc«>, l ft ^©-^-^y *%*t 5 : i 4 < Si 

[0 0 5 8] #C^T\ II 1 0 (e) (C^-f £ 9 tC, 
LtTiy- Mil 2 3£^** t Lt\ #SBi 1 1 
4 go 1*9 S i ONl^^CF, ytfxicjia K^-r^ix^ 
y^4 6(:T^t6o #^T\ Hi 10 (f) {c^-TJ: 
Tiy-hSSi 2 3±£ >»fi)cfil 
5r7^-l>i/^Fl24 K:Tffil/\ Tgjy— Mi 1 2 
3{CttLX&E,m&{m^^Jf> (Mn) SrJteEMfgJ&D 



7 ) M¥l 1 - 1 7 6 8 3 9 

12 

arotff^tyffiA (:n*/l^— : 2 5 k e V, 
ft : 2 X 1 0 13 c m- 2 ) 12 5 1, n^t^lll 
3 co-gptc p H<Z>fi«ft:«1ft 1 2 6 S:JKflci-5 c 
[0 0 5 9] #^T\ 7* h M2 4&Wtm?*7 

X^t*«ft»jcC»*L/£:«, B10 (g) 

£-eE>RBSr:7;i- h L-v^ h 6 2(CTSl/\ ^5/77" K 
7yfctSMl(:i#Lfc^lH l 4 cos i 0 = 
IKSr^L, ISIfiaOAuGe/Ni/Au (ff 
10 $|j:^ftLl00nm/33nm/30nm) 

s^--^ i/^n 3 i ^it«-r^ 0 

[0 0 6 0] #vl^T\ 7tF^h62 Sr^ttlifc^fC 

TBft*LfcSL no (h) icTjk-txoitc^ p^flj 

S«l 2 6 WJlIcMp :7* h h 1 3 2 £ 

SIKi l 4 cos i O s K«:Bfe*U JCffl3K»«cJ: 9 A u 

Mn/Au (I$H ; etlftl2 0nm/l 5nm) 7^fb 
5 »y?&mi 3 3^rita-f-5o 
[0 0 6 1 ] &^T\ 7^- h hi 3 2 

20 icTK^rT £ n <h T\ ^y? &m l33?ry7Ft 
7U $b^iifit [ f 3 ^t4 5 0 o C(7)rp^^t6 

:K-y-xiii3 5, KKyf^i3 6Wf4 

coMil 3 7«:Mt5o 
[0 0 6 2] ^608# N y-7itil 3 5(iTiy-hl 

1 3 5, 1 2 3m<n$gM&m.<'tz>~}:frx*£ s y — ^ 

K4M85J:9i-SiN/SiO, (J|CSfM:*L«x 
50nm/50nm) 5 ^ ^ J: «9 ftffiR 9 1 

30 ML, FETSr^fiitSo 

[0 0 6 3] *Ht£^ffiWFETw8Hit*-&icJ:^xtf, 
h yir^^«5 2kTMV- Mil 23^gSl 

«0»J^«:S*t5w^ft.<, Tf^Mil2 3^^ 
^--^ y^«S«<oy-fe^*5 2 acoggplf L s ^-i^T 

[0 0 6 4] ^fc, Tiy-h«ffil2 3»»^^^ 
£ LT*iJJB-r<5w£T\ ^<n¥— Mil 2 3 <t KW 
>f(ll 3 6{RIJO^t-v s/^Ji 1 1 3^< t t>— SB^ 

40 P S(o6«#s«i 2 6 w^as-c* <5 o L/c 

[0 0 6 5] 

50 mitijcoyir^iry- h®i<>rcor B 1PiL sttlfiS* 
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L^fcWfe>o#*#*^/h*<-*-5w4:dS-e#So 

y-*«««<oyir*«£y— h««iw 
miRL s «ri*t«< t5 w t 5„ Lfc^oT, 

[mi] *&W<nmi w*iSJ»ttK>FET*^i-»B 

[13] *&w<Dm 2 <nmmwm<DFE rcom^m 
im4] *mw<om 2 <nmmwm<D f e t^s^S: 

ID 5 ] *mW<D%$3 <vmMMM<D F E T Sr^tUrB 

I m e ] ^sji ^sg 4 (nnimm<D fet <asai£#8: 

[HI 7 ] *JBW05)B4 WlWlOF E T<o»5t*rffi 

[ in 8 ] *mw<om 5 (omummtD fet sr^-r^® 

[i9] #«9la>JS 6 W*16*ffi<OF E To8a*S 
[HIl 0] **WroJR6<7?Sllfi»ttOFET<D»5ft* 

[mil] hy- h«ig&wi-a^ 

inn 2] «*©^-fey hy- h«a**r«^ 
D»&a!i*tts*ffl f e t «>K5t*iteSr^+aaia-e*) 

[0131 't£&(D*7-ty hy- hflKS&W"*-*^ 
p g^MifSffi^ffl FET (7)^^^/TtKrffiiT*fc6o 
[fffOBW] 

1 G a A s 

2 i - G a A s ^-r^fVL-Jl 
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3 n — A 1 G a A s fE^flM&Jf 

4 rT— GaAs=*r-V.y 

5 ¥W*M£« 

6 

7 *7±? hv- bmm 

11 7 it V Y 

12 mo 

1 3 iitR h'7>fxyfy^ 

1 4 h U-v?* h 
10 15 hRlP 

1 6 &mm 

2 1 ^IfeJStSiG a A s 
2 2 ^-^^/Ug 

2 3 m+mm 

2 4 n + ^ y :/Ji 
2 5 hy-fe*f 

2 6 T^y— hi 

3 i y—^mM 

3 2 KW >% 
20 3 3 I2(7)ytxfi 

34 si o z m 

3 5 S:y*&JRI« 

3 6 mm 

4 i "f-^^/^M 

4 2 tt^HfcftJI 

4 3 n * y-JM 

44, 44a, 44b S iO:R 

4 5 7 it V Uis* h 

4 6 K^^^s/f-y^ 

30 4'7 y-FBP 

5 i a« K7^^yfy^ 

5 2 h yir*1§*g 
5 2a y ir^^ 

5 3 #11 

54 TSjy— h«« 

6 2 7t h h 
6 3 5 *y?&m 

6 4 y-^ti 

6 5 K W 

40 6 6 7 it V Ui?* V 

6 8 mm 

7 1 ^^m-s 

7 2 i^fy^hy/^ 
7 3 TSiy— h*ffi 
7 4 K»fitffl« 

7 5 mm 

8 1 n * -Y V 
8 2 JBioy— hBdP 

8 3 mm 

50 8 4 #Jf JH 



( 9 ) 

15 

8 5 rmf-bmrn 
8 6 ^vt&m 
8 7 y-^mw 

8 8 vi^omm 

9 0 m\WrrLW$L 

9 l ftSHR 

101 plg^(*:®« 

10 2 I4f)ti 
111 ^-r^/Ujf 

1 1 2 10 

113 n'^rt y^Ji 

1 1 4 £j|K 

115 h l/^ h 

116 K7^fx. 7 f 

117 hr^p 
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1 2 1 ffljg 

122 &m$g 

1 2 3 Tiy- 

12 4 7* h L/^ h 
1 2 5 4*>mA 
126 p®<Og»#«« 

13 1 ^-—5: y 

13 2 7^- h h 
13 3 * y?4tm 

i 3 5 y— 

13 6 

13 7 W^ACOmM 

(IBK) 

r s y— ^*g#L 
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